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Description 

The present invention relates to the preparation of ailcenyi-succlnic anhydrid compounds by the 
reaction of a-monooleflns with maleic anhydride (MA). 

5 Alkenyl-succinic anhydrides are useful industrial compounds. Quoted fields of use are curing agents for 
synthetic resins, elastomer components, rust and corrosion inhibitors, additives for increasing viscosity in 
paints and greases, foam suppression, pesticides and fungicides, surfactant additivias, plastidzers, inter- 
mediates in synthetic chemistry and drug manufacture, etc... 

The chemistry of the reaction between MA and a-olefms resulting from the extraction or cracking of 

10 natural oils has been well Investigated and described in literature and patents. 

For instance US 3,855,251 alkenyl succinic anhydrides derived from the non-catalytic addition of maieic 
anhydride and a butene polymer hydrocarbon. 

US-Patents Nos 2,411,215 (KISE et ai) and 3,412,111 (IRWIN et al) provide a detailed list of useful 
operating parameters and conditions pertaining to this reaction. The molar ratio of olefin (Ca to Ceo-olefins) 

75 to MA can be comprised between about 0.5 to 20 and the reaction can be canried out at temperatures of 
about 160*0 to about 300 *C for 0.1 to 48 hrs under pressures of about 1 to 1000 lb/square inch (0.069 bar 
to 69 bar). US 2,411,215 specifies that yields in this reaction are improved if the reaction medium is well 
homogeneous, i.e. if the MA is completely dissolved in the a-o|eflns prior to reaction; this can be effected 
by stirring the Ingredients togetiier beforehand at temperatures below 200*0, the reaction proper being 

20 carried out afterwards at temperatures above 200 * 0. 

Another technique to increase the yields and to reduce the proportion of undesirable polymeric side- 
products (gums) which sometimes contaminate the desired alkylene-succinic anhydrides is to add poly- 
merization inhibitors to the reaction mixture. This technique is particularly emphasized in US 3,412,111. In 
this case the preferred Inhibitors are aromatic sulfur or hydroxy compounds, e.g. 2,2-bis (p-hydroxyphenyl)- 

25 propane, hydroquinone and phenothiazine. US 4,414,397 discloses the preparation of alkenyl substituted 
aliphatic decarboxylic anhydrides from olefin oligomer and unsaturated dicarboxylic acid in the presence of 
a catalyst where the by-product production Is minimised by the controlled addition of tiie unsaturated 
aliphatic dicart)oxylic acid anhydride. 

At tiie end of the reaction period, the reaction mixture can be treated in any suitable manner to recover 

30 the individual components therein, e.g. by distillation. US-2,41 1,215 teaches to first drain the gums which 
accumulate to the bottom of the reaction vessel, then transfer the liquid phase in a flash evaporator in which 
unreacted MA and a-olefins will evaporate and be recovered by condensation. The residue from the flash 
evaporator is then distilled in a still for purifying the desired alkenyl-succinic anhydride compounds from 
remaining residual by-products. 

35 In US-3.412,111, there is recommended to effect distillation of the crude reaction product at tempera- 
tures of about 50*C to about 250*0 under about 10'^ to about 15 Ib/square inch (5x1 - 760 Torr) to 
recover unreacted olefin and maleic anhydride (If any present) and purify the desired alkenyl succinic 
anhydrides. 

Although the processes reported in the literature have much merit, it was desirable to still bring 
40 improvements thereto, e.g. render the reaction operation simpler, more efficient and more economical, and 
providing products ready to be used In many instances without further purification by distillation. It was inter 
alia desirable to decrease as much as possible the production of polymeric side products of the kind 
disclosed in the prior art. In this connection, it is noted that, even under the optimal disclosed conditions 
(see US-A-3.412,111) the amount of polymers which had to be separated from the desired product was still 
45 12 g in the case of using a mixture of 2 moles of dodecene (337 g) and one mole of MA (98 g) and 
operating in the presence of phenothiazine. Furthenmore, using phenothiazine as an inhibitor was shown to 
be undesirable by the present inventors as it usually provides a dark colored product. 

It was however found quite unexpectedly by the present inventors that using, as the starting a-olefins, a 
1:1 to 4:1 by weight mixture, preferably 65:35, of dodecene (D) and tetradecene (T) (C12 and Cii a-olefins), 
50 substantially no polymeric residue was any longer contaminating the desired alkenyl-succinic anhydrides 
and, as a consequence, tiie latter can be used in many instances without furtiier purification by distillation. 
Thus, the method of the present Invention which results from this surprising discovery Includes the steps of 

(a) mixing one molar equivalent of maleic anhydride (MA) with a-monoolefins in a quantity corresponding 
to at least one olefinic bond molar equivalent and heating to a temperature below 200*0 but sufficient to 

55 ensure complete dissolution of the MA In the monoolefins and forming a homogen ous solution; 

(b) heating this homogeneous solution in a closed vessel to a temperature between 200 and 260 *0 
where the reaction between the MA and the olefin proceeds smoothly to substantially near or full 
completion relative to tiie amount of MA used; 
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(c) distilling off unreacted o-olefins and MA, if any, and isolating the alkenyl-succinic anhydride products 
for further end-uses, whic comprises using as the starting a-monoolefins a 1:1 to 4:1 by weight mixture 
of dodecene and tetradecene, whereby no significant formation of polymeric by-products is observed, 
and isolating the desired alkenyl-succinic anhydride products by simply collecting the residue of 

5 distillation of step (c), no further purification being needed. 

The reasons why this progress arose has not been elucidated. It is however supposed that a factor is 
the efficient solubility of maleic anhydride in the aforementioned DT mixture, particularly 65:35 by weight, at 
temperatures below 200 *C, this effect leading to the formation of substantially well homogeneous solutions 
of the reactants before reaction. 

10 Another factor of improvement is the efficient control of the reaction time in view of the fact that 
undesirable side products probably form at the end of the reaction between small quantities of unreacted 
MA and the desired alenyl-succinic anhydrides. It may therefore be advantageous to stop the reaction at a 
time before it goes to full completion relative to the MA used, e.g. when only 80 to 95% of the MA has been 
consumed, and then proceed with the recovery of unreacted materials by reduced pressure distillation. The 

75 somewhat reduced yield of alkenyl-succinic anhydride experienced then is entirely compensated by the 
clean recovery of the unused MA and a-olefins which can be, of course, recycled. It is noted in this 
connection, tiiat in the case of operating with batches of about 1 to 5 kg of starting materials reacted at 220- 
240 * C, the prefenred reaction times are in the order of 1-10 hrs, more preferably 2-3 hrs. 

The polymerization inhibitors to be used in this reaction can be those reported in US-3,412,111 

20 incorporated herein by reference. Phenothiazine for instance is effective but. as said before, provides 
colored products; consequentiy non-sulfur inhibitors like hydroquinone are preferred. Excellent results are 
recorded with mono-etherified hydroquinone, e.g. hydroquinone-lower alkoxy-monoetiiers such as the 
monomethyl- or ethyl hydroquinones. 

In general the following batch procedure can be candied out to embody the method of the invention. 

25 The 1:1 to 4:1, by weight mixture of D and T, preferably 65:35 by weight (1-5 molar equivalents, 
preferably 1-2 equiv.) is placed in an autoclave with 0.1 to 2% by weight of inhibitor (calculated on the MA) 
and heated progressively under a blanket of Inert gas (e.g. isb. CQ2 or argon) to a temperature of about 160 
- 200 *C, preferably 170 - 180*C, and the MA (1 molar equivalent) is added in liquid (molten) form under 
stimng. At these temperatures, as said before, the solubility of the MA in the a-olefins mixture Is 

30 satisfactory; separate experiments in the present work have shown that it is about 20-25% by weight at 160 
• 180*C. When the dissolution is complete and the solution is homogeneous, the vessel is sealingly closed 
and the temperature is raised to a value atx)ve 200 *C, preferably 220 - 250 *C. for a period of time of 1 - 
10 hrs, preferably 2-3 hrs. depending on the desired degree of reaction completion. During the reaction a 
pressure rise is experienced of about 2 - 2.5 bar (not exceeding 4-5 bar). With the longer reaction times, 

35 e.g. 5-10 hrs, the MA is substantially fully consumed and the amount of it which can be recovered after 
the end of the reaction is small or negligible. With the shorter reaction times, the amount of unreacted MA 
is greater but it can be recovered cleanly for recycling at the end of the reaction and the reaction products 
have a lighter color. 

Then, when the reaction is over, heating is discontinued and tiie reaction mixture Is subjected to 
40 distillation to recover the unreacted starting materials. During this distillation, it is important that the 

condenser be kept at the right temperature to avoid plugging by solidified maleic anhydride which solidifies 

at ebo\A 60 *C. An appropriate condenser temperature is about 61 - 70 *C and the pressure during 

distillation is preferably 12-20 Torr, at least at start. 

After distillation, the residue is collected and consists of a mixture of dodecenyl- and tetradecenyl- 
45 succinic anhydride in proportions substantially equivalent to that in the starting mixture of a-olefins. This 

reaction product is pure enough for most applications and can be used as such without further purification. 

The collected recovered a-olefins (the relative proportion of which remains substantially constant) and the 

MA can then be recycled in a next run without problems since their purity is about equivalent to that of th 

starting materials. 

60 Altiiough the foregoing general conditions have been described with reference to a batch process, it is 
obvious that tiiey also apply to a continuous process. In this case, the key components comprise a 
preliminary mixing chamber Into which the a-olefin mixture containing the inhibitor and the molten maleic 
anhydride are fed simultaneously in a correct mole ratio and of sufficient volume retention time to ensure 
complete dissolution of the MA in the a-olefins; this preliminary chamber is followed by a line-reactor (e.g. a 

55 chamber or a colt) of sufficient length to ensure proper heating of the reactants for the desired time. Aft r 
reaction, the mixture can be subjected to continuous distillation by usual procedures and using conventional 
equipment to assure continuous separation of the products and recycling of unused reactants. 
The following Examples illustrate the invention in more detail. 
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Examples 1 to 9 

A 65:35 (by weight) mixture of C12 - Cu a-olefins containing 1708 g (10.15 moles) of dodecene (D) and 
919 g (4.68 moles) of tetradecene (T) and 7.3 g of hydroquinone was heated to 170^0 under nitrogen In a 
5 liter autoclave. 726 g (7.40 moles) of molten (100*C) maleic anhydride (MA) were added under stirring 
and the vessel was tightly closed. After the solution had become homogeneous (192'C). the temperature 
was raised to 220 * C and maintained there for 3 hrs. 

The reaction mixture was distilled in a "Rotavapor" (BUCHI, type EL-131)under reduced pressure 
starting under 14 Torr and ending under 1.6 Torr (bath temperature 150*C). Under these conditions, the 
approximate boiling temperatures (14 Torr) of the components are: MA 80*0: D 100*C; T 125*0. The 
condenser was kept at 63*0 (thermostated water circulation) to prevent plugging of the apparatus by 
distilled MA. After distillation, the tight colored residue 1940 g (yield 95%) was shown by analysis to be a 
nearly pure mixture of Ci2-and Cu-alkenyl-succinic anhydrides (DTSA) in a molar ratio very close to that 
(10.2/4.7) of the initial olefins. The distillate (1389 g) separated into a liquid and a solid phase (17.6 g) which 
was shown later to be maleic anhydride. The liquid phase was the recovered a-olefins mixture, the 
components being in a ratio similar to that of the starting material. Taking into account that the solubility of 
MA in the hydrocarbon mixture at room temperature is about 0.3%, the yield of recovered MA is 
approximately 3%. The yield of recovered olefins which can be directly recycled in a subsequent run 
approximates the theoretical value. 

Other Examples in which the various parameters involved were varied like temperature, reaction time, 
mole ratio of D + T to MA, nature of inhibitor (always 1% by weight relative to MA) were run similarly and 
the data are reported in the Table 1 below. In the Table the % recovered D+T mixture is calculated on the 
theoretically unused portion (excess of D+T) with the exception of Example 6 (stoichiometric amount of 
reactants) were the quoted figure is the actual value. 

TABLE 1 



Example 
No. 


Starting materials 


Inhibitor 


Temp. CO) 


Time (hrs) 


Products 


D + T mixture 
(moles) 


D + T/MA 
mole ratio 


DTSA (%) 


D + T(%) 


MA (%) 


1 


14.8 


2 


none 


220 


8 


96.4 


101.5 




2 


14.8 


2 


PT 


220 


8 


97.7 


102.2 




3 


14.8 


2 


HQ 


220 


8 


98.2 


100.8 




4 


14.8 




HOME 


220 


8 


96.2 


103.0 




5 


13.8 


1.5 


HQ 


220 


8 


94.6 


112.6 




6 


12.2 


1 


HQ 


220 


8 


88.2 


13.5 


0.2 


7 


14.8 


2 


HQ 


220 


3 


95.1 


103.9 


3.0 


8 


13.8 


1.5 


HQ 


240 


8 


94.8 


111.8 




9 


13.8 


1.5 


HQ 


220 


2 


89.5 


119.5 


10.1 



30 



35 



45 



Oodes: 

PT = phenothiazine 
HQ = hydroquinone 

HQME s monomethylether hydroquinone 



50 Example 10 (1 :1 by weight D:T mixture) 



A mixture of 1258.2 g (7.48 moles) of dodecene. 1258.2 g (6.41 moles) of tetradecene (total 13.88 
moles), 902 g (9.19 moles) of maleic anhydride and 9 g of hydroquinone was stirred and heated to 190*0 
In a pressure reactor as in the previous examples until homogeneous. 
55 Then the temperature was raised to 220*0 under sealed conditions, whereby the reaction started. The 
temperature was maintained and samples were taken at intervals of time through a bottom outlet valve of 
the reactor and analyzed by usual means for concentration of constituents (see thereafter). The results are. 
given in Table 2 in % by weight up to a period of 5 hrs. 
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TABLE 2 



10 



Time (hrs) 


MA 


D 


T 


DTSA 


12 


14 


0 


26.3 


36.7 


36.7 


0 


0 


1/2 


11.6 


18.8 


18.4 


14.9 


15.7 


1 


7.14 


17.1 


17.9 


19.2 


20.2 


2 


3.21 


14.4 


14.1 


21.0 


21.8 


3 


1.38 


13.5 


13.7 


22.5 


23.1 


4 


0.60 


13.6 


13.6 


24.2 


24.6 


5 


0.28 


14.9 


14.0 


25.5 


25.9 



15 After 5 hrs, the reaction was stopped and the mixture (3409 g) subjected to vacuum distillation (bath 
1 50 * C) as indicated In the previous examples; a total of 896 g (4.94 moles) of unreacted D and T olefins of 
weight ratio substantially near 1:1 was collected, wereby the yield of DTSA based on used up olefins (ue. 
8.94 moles) and the residue weight (2496 g « 8.9 moles) was at)out 99%. 

20 Example 11 (4:1 by weight DfT mixture) 

The reaction conditions and subsequent manipulations were repeated exactly as in Example 10 using 
the following components and conditions: 



26 



30 



Dodecene 


2013.1 g (11.96 moles) 


Tetradecene 


503.3 g ( 2.55 moles) 


Maleic anhydride 


902.1 g ( 9.2 moles) 


Hydroquinone 


99 


D + T / MA ratio 


(1 .58 mole/mole) 


Reaction time 


5 hrs 


Reaction temperature 


220*C 


Distillation of reaction mixture 


150'C/15-4Torr 



35 Analyses performed as in the previous example are reported in Table 3 below. 

TABLE 3 



40 



45 



Time (hrs) 


MA 


D 


T 


DTSA 


12 


14 


0 


26.3 


58.7 


14.7 


0 


0 


1/2 


12.0 


37.2 


10.7 


25.3 


6.6 


1 


7.51 


30.0 


8.5 


29.2 


8.6 


2 


2.62 


21.8 


5.6 


38.6 


9.8 


3 


1.45 


21.9 


5.6 


41.9 


10.5 


4 


0.53 


22.5 


6.2 


44.3 


13.3 


5 


0.22 


21.7 


6.1 


42.5 


11.7 



60 

Distillation provided 9.83 g (5.6 moles) of olefins and 2421 g (8.9 moles) of DTSA. Hence the overall 
yield of DTSA was about 99%. 



The reaction mixture was analyzed by sampling through a bottom outlet valve of the reactor and 
subjecting to GLC. 
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The gas-liquid chromatograph was a "CARLO ERBA Fractovap Series 4160" equipped with a 30 m x 
0.32 mm J & W fused silica capillary column (liquid phase: 0.25 um DB-5). 



50 



- carrier gas 


H2, 1.5 ml/min, inlet pressure 0.4 atm. 


- detector 


FID. range 10 mv, attenuation 8, temperature 250 *C. 


- injection 


1 -1 .5 ul, split -1/9, temperature 230 • C. 


- column temperature 


initial: 80 * C for 2 min, final: 240 * C for 7 min, heating rate 


10*C/min. 



TO 

Claims 

1. A method for manu^cturing aikenyl-succinic anhydrides in a fbnn sufficiently pure for using them 
fs directly, this method including the steps of: 

(a) mixing one molar equivalent of maleic anhydride (MA) with a-monooleflns in a quantity 
corresponding to at least one olefinic bond molar equivalent and heating to a temperature below 
200 *C but sufficient to ensure complete dissolution of the MA in the monoolefins and forming a 
homogeneous solution; 

20 (b) heating this homogeneous solution in a closed vessel to a temperature between 200 and 260 *C 

where the reaction between the MA and the olefin proceeds smoothly to substantially near or full 
completion relative to the amount of MA used; 

(c) distilling off unreacted a-olefins and MA, if any, and isolating the alkenyl-succinic anhydride 

products for further end-uses, 
25 which comprises using as the starting a-monoolefins a 1:1 to 4:1 by weight mixture of dodecene and 
tetradecene, whereby no significant formation of polymeric by-products is observed, and Isolating the 
desired alkenyl-succinic anhydride products by simply collecting the residue of distillation of step (c). 
no further purification being needed. 

30 Z The method of claim 1, wherein dissolution in step (a) is performed at 160 - 180*0 and step (b) is 
performed for 0.2 to 10 hrs at 220 - 240 • C. 

3. The method of claim 2, wherein step (b) is carried out for 2 - 3 hrs and the amount of consumed MA is 
80 - 95% by weight. 

35 

4. The method of claim 1, which comprises adding 0.1 - 2% of a polymerization Inhibitor to the reaction 
solution. 

5. The method of claim 4, wherein the inhibitor is selected from at least one of hydroquinone. mono- 
40 ethers of hydroquinone and phenothiazine. 

6. The method of claim 1. which comprises recycling the unreacted a-olefins and/or MA recovered from 
step(c). 

45 7. The method of claim 1. wherein the distillation in step (c) is effected under 12-20 Tonr, the condenser 
temperature being controlled to a value above the melting temperature of 1^ 

a The method of claim 1 , wherein the starting mono-a-olefins mixture is a 65:35 by weight mixture of 
dodecene and tetradecene 



Patentansprfiche 



1. Verfahren zur Herstellung von AikenylbemsteinsSureanhydriden in einer fUr deren direkte Verwendung 
ausreichend reinen Fonn, welches Verfahren die folgenden Schritte umfaBt 
55 (a) Mischen eines MolSqulvalents MaleinsMureanhydrid (MA) mit a-Monoolefinen in einer Menge 

entsprechend mindestens einem Mol^quivalent einer olefinischen Bindung und ErwMrmen auf eine 
Temperatur unterhalb 200 ' C, die jedoch ausreichend ist. um eine vollstMndige Aufl6sung des MA in 
den Monoolefinen sicherzustellen, und Bilden einer homogenen L5sung; 
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(b) ErwSnmen dieser homogenen L5sung in einem geschlossenen BehSiltnis auf eine Jemperatur 
zwischen 200 und 260 'C, bei welcher die Umsetzung zwischen dem MA und dem Olefin glatt 
voranschreitet bis im wesentiichen nahe der Oder der voDstSndigen Umsetzung bezUgiich der Menge 
des verwendeten MA; 

.5 (c) Abdestillieren von nichtumgesetzten a-Olefinen und MA, fails vorhanden, und Isolieren der 

AlkenylbernsteinsSureanhydridprodulcte fUr weitere Endanwendungen, 
umfassend die Verwendung einer Mischung aus Dodecen und Tetradecen im Gewichtsverhaltnis 
von 1:1 bis 4:1 ats Ausgangs-a-Monoolefine, wodurch keine signifikante Bildung von potymeren 
Nebenprodukten erlialten wird, und die Isollerung der erwQnschten AlkenylbemstelnsSureanhydridpro- 
10 dukte durch einfaches Sammeln des RQckstandes der Destination des Schritts (c). wobei keine weitere 
Reinigung erforderlich ist. 

2. Verfahren nach Anspruch 1, wobei die Aufldsung in Schritt (a) bei 160-1 60 *C durchgefUhrt und Schritt 
<b) wMhrend 0,2 bis 10 Stunden bei 220-240 *C durchgefUhrt wird. 

3. Verfahren nach Anspruch 2, wobei Schritt (b) wMhrend 2-3 Stunden durchgefUhrt wird und die Menge 
an verbrauchtem MA 80-95 Qew.-% betrSgt. 

4. Verfahren nach Anspruch 1. umfassend die Zugabe von 0,1-2 % eines Polymerisationsinhibitors zu der 
20 Reaktionsldsung. 

5. Verfahren nach Anspruch 4. wobei der Inhibitor aus mindestens einem aus Hydrochinon. Monoethem 
von Hydrochinon und Phenothiazin gewShIt wird. 

25 6. Verfahren nach Anspruch 1, umfassend die Wiederverwendung der aus Schritt (c) rOckgewonnenen 
nichtreagierten o-Olefine und/oder MA. 

7. Verfahren nach Anspruch 1. wobei die Destination in Schritt (c) unter 12-20 Torr bewirkt wird. und 
wobei die KQhIertemperatur auf einen Wert oberhalb der Schmelztemperatur von MA reguliert wird. 

30 

& Verfahren nach Anspruch 1, wobei die Ausgangsmischung der a-Monoolefineeine Mischung aus 
Dodecen und Tetradecen im Gewichtsverhaltnis von 65:35 ist. 

Revendlcatlons 

35 

1. Proc^d^ pour la fabrication d*anhydrides alc^nylsucciniques sous une forme suffisamment pure pour 
les utiliser directement, ce procddd comprenant les Stapes consistant 

(a) h m^langer un Equivalent molaire d'anhydride malEique (MA) avec des a-monooi^flnes en une 
quantity correspondant h au moins un Equivalent molaire de liaison olEfinique et k chauffer k une 

40 temperature infErieure h 200 * C mais suffisante pour assurer la dissolution complete du MA dans les 

monoolEfines et k former une solution homog^ne; 

(b) h chauffer cette solution homog§ne dans un recipient fermd h une temperature comprise entre 
200 et 260 *C, oO la reaction entre le MA et TotEfine progresse r^gulidrement vers f'ach&vement total 
ou sensibiement total par rapport k la quantity de MA utilisEe; 

45 (c) h retirer par distillation les a-olEfines n'ayant pas rEagi et MA, s'il y en a, et & isoler les produits 

anhydride alcEnyi-succinique pour d'autres utilisations finales, 
qui consiste k utiliser, comme a-monoolEfines de depart, un melange de 1:1 k 4:1 en poids de 
dodEc&ne et de tEtradEc^ne, ainsi on n'observe aucune formation significative de sous-produits 
polym^res, et k isoler les produits anhydride aicdnyl-succinique souhaitEs en recueillant simplement le 

so rdsidu de distillation de TEtape (c), aucune purification supplEmentaire n'Etant nEcessaire. 

2. ProcEdE selon la revendication 1, dans lequel la dissolution dans TEtape (a) est rEalisEe & une 
temperature de 160 & 180*C et TEtape (b) est realisEe pendant 0,2 & 10 heures k une temperature de 
220 ^240*0. 

55 

3. Precede selon la revendication 2, dans lequel retape (b) est effectuee pendant 2 it 3 heures et la 
quantite de MA consommee est comprise entre 80 et 95% en poids. 
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A Pfoc666 selon la revendication 1. qui consiste ajouter 0.1 2i 2% d'un inhibiteur de polymerisation & la 
solution rSactionnelle. 

5. Proc666 selon la r vendication 4. dans lequel Tinhlblteur est choisi parmi au moins gn de rhydroquino- 
5 ne, des mono-6thers d'hydroqulnone et de la phdnothiazine. 

6. Proc^dd selon la revendication 1, qui comprend le recyclage des a-ol6fines n'ayant pas r^agi et/ou du 
MA r^cupdrds k partir de T^tape (c). 

70 7. Proc^d^ selon la revendication 1, dans lequel la distillation dans I'^tape (c) est effectu^e sous une 
pression de 1.6 2,7 kPa (12 k 20 tonr), la temperature du refrigerant etant reguiee k une valeur au- 
dessus de la temperature de fusion du MA. 

8. Procede selon la revendication 1, dans lequel le melange de mono-a-oietines de depart est un melange 
f 5 de 65:35 en poids de dodec&ne et de tetradec6ne. 
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